METHOD OF CURING AN ANISOTROPIC CONDUCTIVE COMPOUND 

CROSS REFERENCE TO RELATED APPLICATION 
[0001] This application is a continuation-in-part of United States Application No. 10/205,515, 
filed July 25, 2002. 

BACKGROUND OF THE INVENTION 
[0002] Field of the Invention 

[0003] The present invention relates to an anisotropic conductive compound or material and a 

method of curing thereof. 

[0004] Description of Related Art 

[0005] Anisotropic conductive compounds are utilized to form conductive paths between pairs 
of aligned contacts, such as a contact on an integrated circuit or integrated circuit package and a 
contact of a printed circuit board. A typical anisotropic conductive compound includes 
conductive particles suspended in a binder. Such anisotropic conductive compound can be 
interposed in an uncured state between the integrated circuit or integrated circuit package and the 
substrate whereafter the anisotropic conductive compound can be cured to form conductive paths 
between contacts on the integrated circuit or integrated circuit package and the substrate while, at 
the same time, bonding the integrated circuit or integrated circuit package to the substrate. 
[0006] Heretofore, anisotropic conductive compounds of the type described above were 
formed into a film which was interposed between the integrated circuit or integrated package and 
the substrate whereupon, with the application of pressure between the integrated circuit or 
integrated circuit package and the substrate in the presence of a curing heat, the conductive paths 
between aligned contacts of the integrated circuit or integrated circuit package and substrate, and 
the bonding of the integrated circuit or integrated circuit package to the substrate occurs. 
[0007] A problem with prior art anisotropic conductive compounds is that they require the use 
of pressure and curing heat in order to form the conductive paths at the same time the bond is 
formed between the integrated circuit or integrated circuit package and the substrate. Another 
problem is that the film form of the prior art anisotropic conductive compounds requires special 
machinery in order to utilize the film in a production envirorunent. Still, another problem is that 
the prior art anisotropic conductive compounds cannot effectively be utilized with integrated 
circuits, integrated circuit packages or substrates having adjacent contacts with edge-to-edge 
spacings less than about 300 |Lim. 
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[0008] It is, therefore, an object of the present invention to overcome the above problems and 
others by providing an improved anisotropic conductive compound and a method of curing 
thereof Still other objects will become apparent to those of ordinary skill in the art upon reading 
and understanding the following detailed description. 

SUMMARY OF THE INVENTION 
[0009] The invention is a method of forming an electronic assembly comprising (a) providing 
a first substrate having a plurality of conductive contacts; (b) providing a second substrate having 
a plurality of conductive contacts; (c) positioning the first and second substrates with their 
respective conductive contacts in alignment; (d) sandwiching an uncured anisotropic conductive 
material between the conductive contacts of the first and second substrates, the anisotropic 
conductive material including electrically conducting material suspended in a binder; (e) heating 
the anisotropic conductive material to a curing temperature for an interval sufficient to cause the 
binder to cure to a solid; (f) vibrating the electrically conducting material; and (g) subjecting the 
electrically conducting material to a static, substantially homogeneous DC magnetic field, 
wherein the DC magnetic field has a field vector direction that is substantially parallel with the 
alignment of the conductive contacts of the first and second substrates. 

[0010] Step (f) can include vibrating the electrically conducting material utilizing at least one 
of mechanical vibration and a magnetic field. 

[0011] The electrically conducting material can be vibrated at a frequency in the ultrasonic 
fi'equency range. 

[0012] At least one of step (f) and step (g) can be performed during step (e); step (f) can 
commence before step (g); and/or step (f) and step (g) can occur at least partially concurrently. 
[0013] The invention also a method of forming an electronic assembly comprising (a) 
sandwiching an uncured anisotropic conductive material between at least one pair of opposed 
conductive contacts, the anisotropic conductive material including electrically conducting 
material suspended in a binder; (b) causing the binder to cure to a solid; (c) vibrating the 
electrically conducting material; and (d) during curing of the binder to a solid, subjecting the 
electrically conducting material to a static, substantially homogeneous DC magnetic field, 
wherein the DC magnetic field has a field vector direction that is substantially parallel with the 
alignment of the pair of conductive contacts. 
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[0014] Step (c) can include vibrating the electrically conducting material at least one of 
mechanically and via a magnetic field. Step (c) can be performed during curing of the binder to 
a solid. 

[0015] The invention is also a method of forming an electronic assembly comprising vibrating 
conductive material or particles of an anisotropic conductive compound or material sandwiched 
between at least two aligned conductive contacts while the anisotropic conductive compound is 
curing and subjecting the conductive material to a static, substantially homogeneous DC 
magnetic field (i) before, (ii) following or (iii) at least partially during the time the conductive 
material is being vibrated. 

[0016] The conductive material or particles can be vibrated at least one of mechanically and 
via a magnetic field. 

BRIEF DESCRIPTION OF THE DRAWIT^GS 
[0017] Fig. 1 is a perspective view of the positioning of an integrated circuit package on an 
anisotropic conductive material in accordance with the present invention deposited on a 
substrate; 

[0018] Fig. 2a is a view of the integrated circuit package in spaced relation to the substrate and 

conductive material taken along section lines II-II in Fig, 1 ; 

[0019] Fig. 2b is a view of the integrated circuit package in contact with the anisotropic 
conductive material deposited on the substrate taken along section lines Il-II in Fig. 1 ; 
[0020] Fig. 3 is a schematic representation of a curing oven having a magnetic field generator 
therein for curing the anisotropic conductive material sandwiched between the integrated circuit 
package and the substrate in Fig. 2b; 

[0021] Figs. 4 is a plot of current versus time and field strength versus time for the current 

through the windings of the magnetic field generator and the magnetic field produced thereby, 
respectively, in Fig. 3; and 

[0022] Fig. 5 is an close-up isolated diagrammatic cross-section of a pair of isolated parallel 
conductive paths of cured anisotropic conductive material in accordance with the present 
invention showing the distribution of the electrically conducting material in the binder. 

DETAILED DESCRIPTION OF THE INVENTION 
[0023] The present invention is an anisotropic conductive material and a method of curing 
thereof. The invention will first be described in connection with the method of curing the 
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anisotropic conductive material followed by a description of an exemplary anisotropic 
conductive material that has been found to be particularly suitable for use in forming conductive 
paths between conductive contacts of an integrated circuit or integrated circuit package and 
conductive contacts on a substrate that are in alignment with the conductive contacts on the 
integrated circuit or integrated circuit package while avoiding shorts between adjacent 
conductive paths. The material is particularly suitable for creating isolated conductive paths 
between contacts of an integrated circuit and contacts of a substrate having an edge-to-edge 
spacing less than 250 jiim and as small as about 80 |Lim to 100 |.un. An advantage of the present 
invention is that the method of curing the anisotropic conductive material does not require 
pressure to be applied between the integrated circuit or integrated circuit package and the 
substrate. Rather, the weight of the integrated circuit or integrated circuit package acting upon 
the anisotropic conductive material deposited on the substrate in combination with the method 
for curing the anisotropic conductive material described hereinafter is sufficient to create 
conductive paths between contacts of the integrated circuit or integrated circuit package and the 
contacts on the substrate in alignment therewith while avoiding electrical shorting between 
adjacent conductive paths. 

[0024] Other than in the operating examples, or where otherwise indicated, all numbers 
expressing quantities of ingredients, reaction conditions and so forth used in the specification and 
claims are to be understood as being modified in all instances by the term "about." Accordingly, 
unless indicated to the contrary, the numerical parameters set forth in the following specification 
and attached claims are approximations that may vary depending upon the desired properties 
sought to be obtained by the present invention. 

[0025] Also, it should be understood that any numerical range recited herein is intended to 
include all sub-ranges subsumed therein. For example, a range of "1 to 10" is intended to 
include all sub-ranges between and including the recited minimum value of 1 and the recited 
maximum value of 10, that is, having a minimum value equal to or greater than 1 and a 
maximum value of equal to or less than 10. Because the disclosed numerical ranges are 
continuous, they include every value between the minimum and maximum values. Unless 
expressly indicated otherwise, the various numerical ranges specified in this application are 
approximations. 
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[0026] As used herein, the term "polymer" is meant to encompass oligomers, and includes 
without limitation both homopolymers and copolymers. As used herein, "(meth)acrylate" and 
like terms are intended to include both acrylates and methacrylates. 

[0027] As used herein the term aryl refers to aromatic groups that include, without limitation, 
groups such as phenyl, biphenyl, benzyl, xylyL napthalenyl, anthracenyl and the like, as well as 
heterocyclic aromatic groups that include, without limitation, pyridinyL pyrrolyl, furanyl, 
thiophenyl, and the like. 

[0028] With reference to Fig. 1, an integrated circuit package or substrate 2 includes a plurality 
of closely spaced contacts positioned on or adjacent the edges of package 2. In Fig. 1, package 2 
is illustrated as a leadless chip carrier package. However, this is not to be construed as limiting 
the invention since use of the anisotropic conductive material of the present invention with other 
surface mount integrated circuit packages, such as ball grid arrays, dual inline or quad packages 
having gull-wing or j-shaped leads, and quad flat packs having laterally extending leads or any 
other form of integrated circuit package or substrate having closely spaced leads, is envisioned. 
In addition, use of the anisotropic conductive material of the present invention with unpackaged 
integrated circuits for flip-chip mounting thereof is also envisioned. 

[0029] As shown in Fig. 1, package 2 is received on a substrate 6 having a plurality of closely 
spaced contacts 8 disposed in mirror image relation to contacts 4 of package 2. Prior to 
mounting package 2 on substrate 6, a drop or coating of uncured anisotropic conductive material 
10 is deposited on substrate 6 over the plurality of contacts 8. 

[0030] With reference to Figs. 2a and 2b, and with continuing reference to Fig. 1, next, 
integrated circuit package 2 is positioned with its contacts 4 in opposition with the contacts 8 of 
substrate 6. More specifically, each contact 4 of integrated circuit package 2 is positioned in 
alignment with a corresponding contact 8 of substrate 6. Thereafter, as shown in Fig. 2b, 
integrated circuit package 2 is moved into contact with anisotropic conductive material 10. In 
response to this contact, anisotropic conductive material 10 displaces somewhat. However, the 
viscosity of anisotropic conductive material 10 is such that contacts 4 of integrated circuit 
package 2 and contacts 8 of substrate 6 are maintained in spaced relation by anisotropic 
conductive material 10. Importantly, integrated circuit package 2 is moved into contact with 
anisotropic conductive material 10 in a manner so that contacts 4 of integrated circuit package 2 
and contacts 8 of substrate 6 are not in physical contact with each other and the displacement of 
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anisotropic conductive material 10 is due primarily to the weight of integrated circuit package 2, 
and only slightly due to the force utilized to move integrated circuit package 2 into contact with 
anisotropic conductive material 1 0. 

[0031] After integrated circuit package 2 is deposited on anisotropic conductive material 10 
with each contact 4 in alignment with a corresponding contact 8 of substrate 6, a UV curable 
adhesive 1 1 is deposited between substrate 6 and integrated circuit package 2. The UV curable 
adhesive can be deposited around the perimeter of integrated circuit package 2, However, in 
practice, it is only necessary to deposit UV curable adhesive 1 1 on two or more corners of 
integrated circuit package 2. 

[0032] After UV curable adhesive 1 1 has been deposited, it is exposed to UV light from one or 
more light sources L for a sufficient interval to cause UV curable adhesive 1 1 to commence 
curing. In addition, if anisotropic conductive material 10 includes a UV curable component, 
exposure to the UV light from the one or more light sources L also causes this component to 
commence curing. Optionally, instead of using UV curable adhesive 11, another form of 
adhesive that can be cured independent of anisotropic conductive material 10 can be utilized. 
However, UV curable adhesive 1 1 is preferred since it can be cured without exposing it and 
anisotropic conductive material 10 to an elevated curing temperature. 

[0033] With reference to Fig. 3, and with ongoing reference to all previous Figs., after UV 
curable adhesive 1 1 has cured, the entire assembly, including integrated circuit 2, substrate 6 and 
anisotropic conductive material 10, is positioned in a curing oven 12. In a production 
environment, curing oven 12 can have a conveyor 14 which extends through curing oven 12 
between an inlet 16 and outlet 18 thereof for transporting the assembly therethrough. 
Altematively, curing oven 12 can be an enclosure of any suitable shape and size in which the 
assembly can be positioned. 

[0034] Curing oven 12 includes a heating means 20 for heating the atmosphere, e.g., air, inside 
of curing oven 12 in a manner known in the art. Curing oven 12 also includes a magnetic field 
generator 22 disposed therein which is coupled to and controlled by an electrical power source 
24 disposed external to curing oven 12. Magnetic field generator 22 includes a pair of poles 26 
disposed in spaced relation across a gap 28 in which integrated circuit package 2 deposited on 
anisotropic conductive material 10 received on substrate 6 is positioned in or passes through on 
conveyor 14. Each pole 26 includes a pole element 30 of ferromagnetic or paramagnetic 
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material having one or more windings 32 of wire or other suitable conductive material formed 
therearound in a manner known in the art. Windings 32 are electrically insulated from pole 
elements 30 by a suitable insulator on pole elements 30 and/or a suitable insulator around the 
wire or other conductive material forming windings 32. Windings 32 of each pole 26 are 
connected to each other and to electrical power source 24 in a manner whereupon, in response to 
electrical power source 24 supplying windings 32 with a suitable electrical current, a magnetic 
field 34 is generated across gap 28. 

[0035] Poles 26 are configured so that magnetic field 34 is highly homogeneous, at least where 
integrated circuit package 2 received on anisotropic conductive material 10 deposited on 
substrate 6 is positioned in curing oven 12 during curing of anisotropic conductive material 10. 
Magnetic field 34 preferably has a homogeneity of greater than 98,5%, but can have a 
homogeneity as low as 95%. 

[0036] With reference to Fig. 4, and with continuing reference to all previous Figs., desirably 
electrical power source 24 initially applies an alternating current signal 36 to windings 32 for a 
duration between 15 and 30 seconds followed by a direct current signal 38 for the remainder of 
the curing time of anisotropic conductive material 10. However, this is not to be construed as 
limiting the invention since the alternating current signal 36 and the direct current signal 38 can 
be applied to windings 32 concurrently. The amplitude of the alternating current signal 36 can 
be selected based on the sizes of particles (discussed hereinafter) forming anisotropic conductive 
material 10. The amplitude of alternating current signal 36 is selected so that magnetic field 34 
has an alternating magnetic field strength between 10 and 100 gauss. The value of direct current 
signal 38 is selected so that magnetic field 34 has a static magnetic field strength between 400 
and 1,500 gauss. 

[0037] Magnetic field 34 includes the alternating magnetic field produced by magnetic field 
generator 22 in response to alternating current signal 36 and the static magnetic field produced 
by magnetic field generator 22 in response to direct current signal 38. It has been observed that 
alternating current signal 36 operating in the ultrasonic frequency range, namely, between about 
20 kHz and about 500 kHz, works best with anisotropic conductive material 10. However, this is 
not to be construed as limiting the present invention since other frequencies outside of the 
ultrasonic frequency range can also be utilized. 
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[0038] At a suitable time, the assembly is positioned in curing oven 12 in the presence of 
magnetic field 34. Curing oven 12 is heated or preheated to a suitable curing temperature for 
anisotropic conductive material 10 and the assembly is subjected to this curing temperature for a 
suitable curing interval while in the presence of magnetic field 34. Because of its nature, the 
curing temperature and the curing interval of anisotropic conductive material 10 can vary 
between 70°C for about 30 minutes to 150X for about 5-7 minutes. 

[0039] A vibrator 50 (show in phantom) can also be utilized to mechanically vibrate the 
assembly comprised of anisotropic conductive material 10 sandwiched between integrated circuit 
package 2 and substrate 6. The amplitude, frequency and duration of this mechanical vibration 
can be selected based on the size of the particles forming anisotropic conductive material. It is 
believed that vibrating the assembly at a frequency in the ultrasonic frequency range for between 
15 and 30 seconds will work best with anisotropic conductive material 10. However, this is not 
to be construed as limiting the invention. 

[0040] Vibrator 50 can mechanically vibrate the assembly while it is in the presence of the 
curing temperature in curing oven 12. Before, concurrent with, partially concurrent with or 
following mechanical vibration thereof, the assembly, especially the particles of the anisotropic 
conductive material, can be subjected to magnetic field 34. It is envisioned that magnetic field 
34 can include any suitable combination of the alternating magnetic field and the static magnetic 
field when magnetic field 34 is used before, concurrent with, partially concurrent with or 
following mechanical vibration of the assembly. For example, magnetic field 34 can include (i) 
the alternating magnetic field followed by the static magnetic field, or vice versa, (ii) the 
alternating magnetic field applied concurrent with the static magnetic field, or (iii) the alternating 
magnetic field applied partially concurrent with the static magnetic field, where either the 
alternating magnetic field or the static magnetic field is initiated first. The foregoing listing of 
combinations of alternating magnetic field and static magnetic field used before, concurrent with, 
partially concurrent with or following mechanical vibration of the assembly, however, is not to 
be construed as limiting the invention. 

[0041] If it is determined that mechanically vibrating the assembly obviates the need for the 
alternating magnetic field, magnetic field 34 can exclude the alternating magnetic field and only 
apply the static magnetic field to the assembly before, concurrent with, partially concurrent with 
or following mechanical vibration of the assembly. 
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[0042] With reference to Fig. 5, and with continuing reference to all previous Figs., once cured 
to a solid, anisotropic conductive material 10 forms a conductive path between each contact 4 of 
integrated circuit package 2 and a corresponding contact 8 of substrate 6 in alignment therewith. 
It has been observed that cured anisotropic conductive material 10 can form electrically 
conductive, but isolated parallel conductive paths 48 between adjacent pairs of aligned contacts 
having an edge-to-edge spacing S as close as 80 |im. This is a vast improvement over prior art 
anisotropic conductive materials which, when cured, have difficulty maintaining electrical 
isolation between adjacent conductive paths between adjacent pairs of aligned contacts having an 
edge-to-edge spacing below 250 jam. 

[0043] As shown in Fig. 1, anisotropic conductive material 10 includes an electrically 
conducting material 40 suspended in a binder 42. Electrically conducting material 40 includes 
one or more types of particles coated with a noble metal such as gold or silver. The particles 
forming electrically conducting material 40 can include one or more of the following: solid 
nickel coated spheres, solid nickel flakes, solid carbon/graphite spheres, solid glass spheres, solid 
mica particles or flakes and hollow glass spheres. As used herein, the terms sphere or spheres 
generally means that the particles are ball-shaped, egg-shaped or minor variations of ball-shaped 
and egg-shaped. 

[0044] The solid carbon/graphite spheres, the solid glass spheres, the solid mica particles or 
flakes and the hollow glass spheres each include a coating of nickel between the outside surface 
of the sphere and the coating of noble metal. The coating of nickel on these otherwise non- 
magnetic materials renders them susceptible to the influence of magnetic field 34. 
[0045] Each particle along with the one or more coatings thereon has a maximum dimension 
less than 100 |Lim, preferably less than 80 |Lim and more preferably between 10 ^im and 25 |im. 
As used herein, the term "maximum dimension" means the largest dimension of the particle 
measured in any direction. For example, if a particle is a sphere, the maximum dimension is the 
outside diameter of the noble metal deposited on the sphere. If the particle is a flake having an 
irregular shape, the maximum dimension is the dimension between the two points of the noble 
metal deposited over the particle that are farthest apart. 

[0046] It has been observed that particles having an average maximum dimension between 10 
|im and 25 |am enables the formation of parallel isolated conductive paths between adjacent pairs 
of aligned contacts having an edge-to-edge spacing as close as 80 ^m. Obviously, a plurality of 
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particles having this average maximum dimension will have some particles having less than 10 
^im, e.g., 5 i^m, and some particles having a maximum dimension greater than 25 |.im. To this 
end, it has been observed that in a population of particles forming electrically conducting 
material 40 with an average maximum dimension between 10 jimi aiid 25 |,uii, some of the 
particles can have a maximum dimension as small as 5 |im. 

[0047] A first embodiment anisotropic conductive material 10 includes binder 42 formed from 
the reaction product of between 82% and 91% by weight of a compound and no more than about 
6% by weight of a catalyst. The compound includes about one-third by weight of each of an 
aromatic epoxy resin, a dimer fatty acid diglycidyl ester and an oxirane. Any suitable aromatic 
epoxy resin may be used in the compound. Suitable aromatic epoxy resins include, but are not 
limited to diglycidyl ethers of bisphenol-A and bisphenol-F and other such resins, such as those 
available from EPON Resins from Resolution Performance Products, Houston, Texas. Any 
suitable dimer fatty acid diglycidyl ester may be used in the compound. Suitable dimer fatty acid 
diglycidyl esters include those of the formula: 

H2C CH CH2 O C R^ C 0 CH2 HC CH2 



where R is C1-C20 alkylene, arylene or alkarylene. 

[0048] Any suitable oxirane may be used in the compound. Suitable oxiranes include those of 
the formula: 



r2 CH2 HC CH2 



where is linear or branched C1-C20, alkyl, aryl, alkaryl, or is derived from a poly ether of the 
formula: 



-0 



-O- 



R^ 
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where R"^ is a linear or branched C1-C12 alkyiene and R"* is a linear or branched CrC2o alkyl, aryl 
or alkaryl group, and "n" is an integer from 1 to 100. In an embodiment of the invention, the 
oxirane is (butoxy methyl) - butyl glycidyl ether. In one non-limiting embodiment, the aromatic 
epoxy resin is the reaction product of about one-half by weight of each of bisphenoNA and 
epichlorohydrin. In one non-limiting embodiment, the catalyst includes a quaternary cyanyl R- 
substituted amine. The R group in the quaternary cyanyl R-substituted amine may be a C1-C20 
linear or branched alkyl, aryl or aralkyl group. In this first embodiment anisotropic conductive 
material 10, electrically conducting material 40 includes between 2.5% and 7% by weight of 
solid nickel spheres coated with silver and between 2.5% and 7% by weight of solid nickel flakes 
coated with silver. 

[0049] A second embodiment anisotropic conductive material 10 includes the same electrically 
conducting material as the first embodiment anisotropic conductive material 10 and a binder 
similar to binder 42 in the first embodiment anisotropic conductive material 10 described above 
except that the binder in this second embodiment includes about 10% by weight of a UV curable 
modifier which replaces a corresponding weight percentage of the compound. More specifically, 
binder 42 in the second embodiment anisotropic conductive material 10 is formed from the 
reaction product of the UV curable modifier, the catalyst and the above described compound. 
The UV modifier can be UV curable adhesive 1 1 of the type commonly used in the art to attach 
integrated circuit packages to substrates. One exemplary UV curable modifier is formed from 
the reaction product of between 8% and 12% by weight of a (meth)acrylate ester, between 76% 
and 84% by weight of (meth)acrylated urethane and between 4% and 5% by weight of a hydroxy 
alkyl aryl ketone. 

[0050] Any suitable (meth)acrylate ester may be used in the UV curable modifier. Suitable 
(meth)acrylate esters include those of the formula of: 

? 

CH2 =CR^ — C O R^ 

where R^ is H or methyl and R^ is a linear, branched or cyclic C1-C20 alkyl, aryl, alkaryl or 
aralkyl group. In an embodiment of the UV curable modifier, the (meth)acrylate ester is isobutyl 
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(meth)acrylate. Any suitable hydroxy alkyl aryl ketone may be used in the UV curable modifier. 
Suitable hydroxy alkyl aryl ketones include those of the formula: 

? 

R' C r8 

Where is a linear, branched or cycHc C2-C20 alkyl group containing at least one hydroxyl 
group and is a C6-C20 aryl, alkaryl or aralkyl group. In an embodiment of the UV curable 
modifier, the hydroxy alkyl aryl ketone is 1 -hydroxy cycohexyl phenyl ketone. 
[0051] A third embodiment anisotropic conductive material 10 includes binder 42 formed from 
tlie reaction product of between 8% and 12% by weight of the compound described above, 
between 71% and 79% of a phenolic resin, no more than about 6% by weight of a catalyst, such 
as a quaternary cyanyl R-substituted amine, and no more than about 12% by weight of the UV 
modifier system. Any suitable phenolic resin may be used in the present invention. Suitable 
phenolic resins include, but are not limited to, novalac resins and revol resins. In an embodiment 
of the invention, the phenolic resin is a novalac resin formed as the reaction product of 
formaldehyde and one or more of phenol, cresol, bisphenol-A and bisphenol-F. The quaternary 
cyanyl R-substituted amine is as described above. This binder 42 is mixed with about 14% by 
weight of an electrically conducting material 40 to form the third embodiment anisotropic 
conductive material 10. In this embodiment, electrically conducting material 40 is solid nickel 
spheres coated with gold. 

[0052] A fourth embodiment anisotropic conductive material 10 includes binder 42 formed 
from the reaction product of between 71% and 79% by weight of phenolic resin, as described 
above, 8% to 12% by weight of a thermally polymerized aromatic epoxy resin and no more than 
about 6% by weight of a catalyst, such as quaternary cyanyl R-substituted amine as described 
above. The electrically conducting material 40 added to this fourth embodiment binder 42 to 
form anisotropic conductive material 10 includes about 10% by weight of solid carbon/graphite 
spheres having a coating of gold over a coating of nickel and about 4% by weight of solid glass 
spheres having a coating of gold over a coating of nickel. 

[0053] A fifth embodiment anisotropic conductive material 10 includes binder 42 formed from 
the reaction product of between 71% and 79% by weight of a phenolic resin, as described above. 
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8% to 12% by weight of a phenoxy modified epoxy novalac resin and no more than about 6% by 
weight of a catalyst, such as quaternary cyanyl R-substituted amine as described above. The 
electrically conducting material 40 of the fifth embodiment anisotropic conductive material 10 
includes about 10% by weight of solid carbon/graphite spheres having a coating of gold over a 
coating of nickel and about 4Vo by weight of solid glass spheres having a coating of gold over a 
coating of nickel. 

[0054] When the particles comprising electrically conducting material 40 of the first through 
fifth embodiments of anisotropic conductive material 10 have an average maximum dimension 
between 10 jim and 25 |im and when each of these anisotropic conductive materials 10 are cured 
in the above described manner, adjacent parallel isolated conductive paths having an edge-to- 
edge spacing as close as 80 |.mi were observed in cross sections of the cured anisotropic 
conductive material 10. The isolation of these adjacent parallel isolating conductive paths was 
confirmed by electrical measurement thereof 

[0055] The first through fifth embodiments of anisotropic conductive material 10 were utilized 
to attach 20 pin integrated circuits to substrates and to electrically connect each contact of the 
integrated circuit to a corresponding contact of the substrate to which the integrated circuit was 
attached. The contact resistance between one or more contacts of each integrated circuit and the 
corresponding embodiment of anisotropic conductive material 10 were measured and the 
following results were observed. The first through third embodiments of anisotropic conductive 
material 10 exhibited a higher contact resistance than the fourth and fifth embodiments of 
anisotropic conductive material 10. In addition, the first through third embodiments of 
anisotropic conductive material exhibited a contact resistance that varied as much as one order of 
magnitude greater than the contact resistance variance of the fourth and fifth embodiments of 
anisotropic conductive material 10. More specifically, the contact resistance of the first through 
third embodiments of anisotropic conductive material 10 varied up to 20%. In contrast, the 
contact resistance of the fourth and fifth embodiments of anisotropic conductive material 10 
varied between 2% and Wo, 

[0056] Moreover, the stability of the contact resistance of the first through third embodiments 
of anisotropic conductive material 10 increased or decreased by as much as 60% when exposed 
to 95% relative humidity at 40°C for 1,000 hours. Furthermore, when the first through third 
embodiments of anisotropic conductive material 10 were exposed to 60°C for 1,000 hours, the 
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contact resistance increased or decreased by as much as 15%. Lastly, when the first through 
third embodiments of anisotropic conductive material 10 were exposed to a temperature of -40°C 
for 1,000 hours, the contact resistance increased or decreased by as much as 20%. 
[0057] In contrast, the contact resistance of the fourth and fifth embodiments of anisotropic 
conductive material 10 increased or decreased by only about 7% when exposed to 95% relative 
humidity at 40°C for 1,000 hours. Moreover, when the fourth and fifth embodiments of 
anisotropic conductive material 10 were exposed to a temperature of 60°C for 1,000 hours, the 
contact resistance of each contact increased or decreased only about 5%. Lastly, when the fourth 
and fifth embodiments of anisotropic conductive material 10 were exposed to a temperature of- 
40°C for 1,000 hours, the contact resistance of each contact increased or decreased only about 
5%. 

[0058] The foregoing embodiments of anisotropic conductive material 10 have a viscosity 
between 30,000 centi-poise and 45,000 centi-poise at 25*^C and a viscosity of less than 50 centi- 
poise between 75°C and 150°C. This drastic change in viscosity in combination with the 
exposure of anisotropic conductive material 10 to a suitable curing temperature in the presence 
of magnetic field 34 enables the electrically conducting material 40 suspended in binder 42 to 
align under the influence of magnetic field 34 to form adjacent, but electrically isolated, parallel 
conductive paths between adjacent pairs of aligned contacts having an edge-to-edge spacing as 
close as 80 \im. 

[0059] It is believed that electrically conducting material 40 formed fi-om solid mica particles 
or flakes and/or hollow glass spheres having a coating of noble metal, such as gold or silver, over 
a coating of nickel will reduce the edge-to-edge spacing of adjacent parallel isolated conductive 
paths that can be realized over the edge-to-edge spacing realized utilizing similarly sized solid 
nickel spheres coated with a coating of noble metal, solid carbon/graphite spheres having a 
coating of noble metal over a coating of nickel and/or solid glass spheres having a coating of 
noble metal over a coating of nickel. To this end, it is believed that the lower weight of the solid 
mica particles or flakes and/or the hollow glass spheres enables them to move more readily under 
the influence of magnetic field 34 before binder 42 hardens sufficiently to prevent their 
movement under the influence of magnetic field 34. 

[0060] Obviously, smaller particle sizes forming electrically conducting material 40 of 
anisotropic conductive material 10 enables conductive paths to be formed between adjacent pairs 
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of aligned contacts having a closer edge-to-edge spacing than larger particles. Thus, increasing 
and decreasing the average maximum dimension of the particles forming electrically conducting 
material 40 of anisotropic conductive material 10, increases and decreases the edge-to-edge 
spacing of adjacent pairs of aligned contacts that can be electrically connected by adjacent 
conductive paths without experiencing shorting between the adjacent conductive paths. 
[0061] The present invention has been described with reference to the preferred embodiments. 
Obvious modifications and alterations will occur to others upon reading and understanding the 
preceding detailed description. It is intended that the invention be construed as including all 
such modifications and alterations insofar as they come within the scope of the appended claims 
or the equivalents thereof 
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